Aim: A porcelain-fused-to-metal (PFM) veneer crown restoration is considered successful when biological, mechanical, and esthetical concerns are satisfied. Restorations with poor marginal integrity may contribute to the cause of severe caries and periodontal defects. The most important factor in achieving successful marginal integrity is preparation design. Although a sloping shoulder preparation offers biologic and esthetic advantages over a shoulder bevel, a comparison of the marginal integrity of these two designs is less clear and is the main focus of this study.
Introduction
Marginal integrity is a critical factor in the success or failure of a cast porcelain-fused-to-metal (PFM) veneer crown restoration. If margins are not managed appropriately, they may contribute to the cause of many clinical problems. If the gap between the prepared tooth and the crown margins is more than the acceptable standard, the exposed soluble dental cement will dissolve rapidly. 1 Cariogenic microorganisms accumulate in the void and cause caries development under the crown. 2, 3 Food, debris, and by-products of microorganism activity in carious regions have the ability to provoke the vital pulp. 4 Poor marginal integrity can cause an increase in microbial plaque, 5 changes in the subgingival flora, 6 gingival inflammation, 7, 8 and color changes in the marginal gingival. 9, 13 In severe cases an increase in pocket depth and loss of attached gingiva may occur. [1] [2] [3] [4] Several clinical reports support this theory. 5 Goto 5 confirms the relation between inappropriate marginal integrity and gingival inflammation and reports the most important factor in periodontal disease prevalence is an unsuitable marginal fit. Henderson and Myers 6, 7 have also claimed an increase in caries and periodontal disease leads to crown failure, or even to loss of the tooth itself. In light of these issues a PFM veneer crown preparation design that satisfies marginal integrity requirements along with the other specifications required for a desirable veneer, such as esthetics and the preservation of biological needs, represents a challenge.
Reducing and even eliminating the metal collar on the labial surface of a PFM veneer crown is an attempt to address the increasing demand for esthetics. However, marginal integrity has become an issue in many cases. Therefore, comparing the marginal integrity between a shoulder bevel which provides a desirable seal 14 and a sloping shoulder which offers a minimal collar, esthetics, and periodontal preservation 15 is of considerable importance. If such a comparison of marginal integrity reveals no significant difference between these preparation designs, then it could be concluded the sloping shoulder has a greater indication for restoring anterior teeth due to its other clinical advantages. Therefore, the aim of this study is to compare the marginal integrity of shoulder bevel and sloping shoulder preparation in cast PFM veneer crown restorations.
Materials and Methods
This in vitro, double-blind study employed the use of standard stainless steel dies. Half of the marginal area of the dies was prepared with a 45º shoulder bevel preparation and the other half was prepared with a 135º sloping shoulder. The axial walls were prepared with a 10º convergence toward the occlusal surface (Figures 1 to 3 ).
Twenty identical standard molds of the stainless steel dies using additional silicon were prepared; then twenty stone dies (Type IV dental stone) were prepared using the molds. All of the Conclusions: Within the limitations of this study the marginal integrity of both preparation designs were found to be similar. Since the sloping shoulder design offers biological and esthetical advantages over the shoulder bevel, its use is indicated for anterior restorations. and 52.8±27.4 microns in Group B (sloping shoulder). This is a 12.02 micron or 29.6% smaller gap in the shoulder bevel compared to the sloping shoulder. The Student t-test showed this difference to be statistically insignificant (p>0.05) ( Table 1 ). Both preparation designs are within an acceptable range and no clinical difference could be observed.
Discussion
This study indicates both preparation designs have an acceptable marginal integrity, but the shoulder bevel shows a better and more convenient marginal integrity. Panno 16 reported an average gap of 45 microns for a shoulder bevel in his study, whereas Gavelis 17 reported a 44 micron average and Faucher 18 reported an average gap of 62 microns.
Marginal integrity is an important factor in the success of a casting restoration such as a PFM veneer crown. The shoulder bevel design has shown it satisfies the need for a suitable marginal integrity. However, a restoration has to satisfy other needs such as esthetics and the biological health of gingiva by providing for more space on the metallic frame for the porcelain layer. The sloping shoulder design is a better choice for the achievement of better color and contours in the final restoration because more space is available for porcelain on the metal frame.
The results of this study suggest the use of a sloping shoulder in a PFM veneer restoration is preferable in the anterior segment due to the specimens were prepared on stone dies made from the standard stainless steel die that had one side prepared with a shoulder bevel design and the other side with a sloping shoulder design. PFM veneer crowns were then made for all twenty dies using an identical fabrication technique. All dies were treated equally throughout the entire experiment. The PFM veneer crowns were cemented on the dies using zinc phosphate cement under equal pressure and temperature.
The samples were then totally immersed in transparent acrylic for better handling and allowed to set. Abrasion techniques were used to cut through the long axis and to polish the samples in preparation for evaluation using a scanning electron microscope (SEM). All the samples were covered by a thin layer of gold as a conductor material in order to achieve object detection under the SEM. The gap between the metal frame of the PFM veneer crown and the stone die was measured in microns at the cervical margin area of the restorations (Figures 4 and 5) .
The data was processed using SPSS software (SPSS, Inc., Chicago, IL, USA), and the difference between the two preparation designs was analyzed using the Student t-Test.
Results
This experimental study was conducted on forty samples, twenty in the beveled shoulder group and twenty in the sloping shoulder group that were made on twenty stone dies. The measured gap in Group A (shoulder bevel) was 40.78±18.4 microns marginal integrity. Therefore, within the limits of this study it can be concluded the sloping shoulder is a more favorable design for PFM restorations in the anterior segment of the mouth because it offers a more conveniently achievable esthetic result and a favorable biological advantage than the shoulder bevel.
esthetic advantage it provides. The shoulder bevel is indicated in the posterior segment because esthetics is less important and the range of the gap is smaller.
Conclusion
The results indicate the shoulder bevel has no advantage over the sloping shoulder in terms of
